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Summary 
 
Ultra High Performance Fibre Reinforced Concrete (UHPFRC) presents one of the 
superior classes of new cement base composites with the potential to achieve the 
requirements for bridge constructions of the future. Not only the advantage of leading to a 
high economy in construction contribute to this objective but the advantage of reaching 
high service life and a reduction of maintenance will contribute as well. Nevertheless, only 
few prototypes have been built up now by using this material. 
 
This paper is aimed at highlighting the first stages of a case study where the use of a 
structural health monitoring system to analyse actual structural performance of the Wild 
bridge will lead to gain practical experience regarding structural performance of UHPFRC 
road bridge constructions, to help in spreading the use of this profitable concept concrete 
and to the standardisation bodies’ goal.  
 
The designed Structural Health Monitoring (SHM) concept will be carried out by using 
distributed fibre optic strain and temperature sensors, in combination with dynamic non 
destructive measurements for obtaining periodically updated information and an inverse 
FEM for developing actual performance life cycle models. To consider stress distributions 
in the arch due to dead loads from the bridge deck, the monitoring starts from the 
construction stage. The main goal is the analysis of the structural performance under 
different life cycle operational environments. The long term objective is developing 
performance based models for improving present UHPFRC design tools but also those 
regarding optimised prognosis strategy for maintenance planning in the field of 
transportation infrastructure. 
 
Keywords: UHPFRC, SHM, structural performance, dynamic maintenance tools, 
operational conditions’ assessment  
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1 Introduction 
 
1.1 Non destructive testing methods – CMU  
 
The majority of the existing European transport infrastructure was built forty to sixty years 
ago. Increasing traffic and ascending heavy goods loads are the major cause for the 
growing costs to maintain our existing transportation infrastructures. Extending 
infrastructure lifecycles together with reducing maintenance costs by selective measures is 
still a challenge for research scientists. Solutions may be seen in developing new 
sustainable materials and infrastructure components as well as in assessing the structural 
condition in real–time. The latter is a common research area to investigate and develop 
non-destructive-testing methods (NDT) as well as structural health monitoring systems 
(SHM). Structural health monitoring is a practice capable of producing a detailed 
assessment of the evolution of the structure’s health condition during all its life. Such a 
detailed knowledge database can produce savings through an optimization of the 
maintenance intervention and through the possibility of extending the life of the 
infrastructure while at the same time keeping an optimal safety level. 
 The process using sensor and measurement data to determine (mechanical) system 
properties is called system identification. This is one part in structural health monitoring. 
As there is a need to understand system behaviour and to qualify and quantify structural 
changes to assess a building’s condition a numerical model is needed as a complement. 
Applying system identification algorithms and modal analysis to determine the natural 
frequencies and mode shape functions (modal properties) on vibration measurement data 
reveals physical and dynamic behavior of structures. The modal properties are directly 
affected by changes in stiffness or mass of a solid body. Hence a damaged area with 
reduced stiffness (e.g. due to cracks) may change the modal properties. According to this 
an accepted method to identify structural changes is the fine-tuning of a finite element (FE) 
model by varying certain variables. The result is a close (or best) fit of the calculated 
values to measured values. This process is actually an optimization problem [1], [2]. 
Therefore computational model updating (CMU) methods use optimization algorithms to 
change mass or stiffness matrices of finite element models [1]. With these procedures an 
area of reduced stiffness may be located, quantified and identified as damage [3].  
 The entire process from determination of test data, post-processing and inverse 
modelling involve numerous sources of errors and uncertainties. Some of these are caused 
by noise, incorrect sensor location, inexact equipment calibration, operation in a region of 
nonlinearity, and parameter settings in system identification algorithms [4]. Some others 
are related to inappropriate theoretical assumptions, inaccurate estimation of material 
properties and boundary conditions, insufficient or incorrect modelling detail, computer 
input errors, and improper application of optimization algorithms. Although computational 
resources and the sensor sensitivity are increasing, the influences of the modelling 
parameters and the uncertainty propagation in the process have to be considered to obtain 
meaningful and interpretable results. This is fundamental if those methods are used to 
assess reliability and safety of structures in particular bridges. 
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1.2 Material UHPFRC 
 
Ultra High Performance Fibre Reinforced Concrete (UHPFRC) presents one of the 
superior classes of new cement base composites with the potential to achieve the 
requirements for bridge constructions of the future. UHPFRC is a novel compound 
material consisting of concrete, micro silica and small steel fibers. Its material properties, 
especially the high elastic modulus, account for its specific characteristics. In general 
UHPFRC structures exhibit an elastic modulus from 50 to 70 GPA. These characteristics 
are achieved by optimizing concrete mixture with micro silica and additive thin steel 
fibers. The outstanding durability of UHPFRC makes this material predestined for the 
construction of bridges. 
 
1.3 Road bridge WILD  
 
In Austria UHPC is introduced into the practice of road bridges through the realisation of 
the bridge WILD. The cross section of the arch, which spans 70 m doesn’t contain any 
passive reinforcement. The polygonal arranged UHPC segmental arches consist of 
individual 6 cm thin-walled and for this reason very light precast UHPC-segmental-box-
girders made of C 165/185, which are assembled by the use of external tendons running 
inside of the arches. 
 
Fig. 1  Building project bridge WILD [6] 
 
The design is based on international recommendations on the one hand and on specific 
experiments on the other hand. More detailed information about the bridge construction is 
given in [8], [7] and [8]. 
 
2 Bridge Monitoring  
 
2.1 Fibre Optic Methods for Structural Health Monitoring 
 
Recently fibre optic sensing technology has attracted much attention as an alternative to 
traditional sensing technologies for structural instrumentation. Most of the conventional 
sensors used in the structural health monitoring applications are based on transmission of 
electric signals. Their limitations are becoming more and more manifest. They are local (or 
point) sensors, which are restricted to measure only parameters at one location and cannot 
be easily multiplexed and signals could not be discriminated from noise because of 
electrical or magnetic interference (EMI) in some cases. They all add in increasing the 
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inconveniences of conventional sensors in SHM. Fiber optic sensors (FOSs) are promising 
sensing alternatives in civil SHM systems and future smart structures. They exhibit several 
advantages such as, flexibility, embeddability, multiplexity and EMI immunity, as 
compared with traditional sensors [5]. Over the last few years optical fibre sensor systems 
have been developed and their use reported for the monitoring of large civil engineering 
structures. In this way they have shown themselves to be well suited to the measurement of 
strain and temperature simultaneously, in a number of different applications. 
 Fibre Bragg Gratings (FBGs) are made by laterally exposing the core of a single-
mode fibre to a periodic pattern of intense ultraviolet light. This way an optical sensor is 
recorded within the core of a standard optical fiber. It reflects a narrow bandwidth of light 
which responds to changes in temperature and strain. Hundreds of FBG sensors can be 
recorded into a single optical fiber and interrogated simultaneously with a single 
instrument. The technology allows to monitor strain and/or temperature within large 
structures, particularly suited to perform design validation and test and structural health 
monitoring. [9] Each sensor has 2 wavelengths. The lowest wavelength λlow is for 
temperature compensation and the highest λhigh is for the strain calculation. The 
temperature can be derived from λlow as follows in equation 1.  
 
   Equ. 1 
 
Herein defines S1, S2 and λTref Parameters from the sensor calibration 
  
The strain can be derived from λhigh and from the temperature T as follows: 
 
    Equ. 2 
 
Herein defines A,B,C and λhigh,nominal Parameters from calibration, with L0 as anchor 
distance and T0 as reference temperature [9]. 
 
2.2 Sensor Layout 
 
For the sensor layout a combined monitoring system with fibre optic sensors and 
traditional sensing technologies was chosen. The Monitoring system consist fibre optic 
methods (strain and temperature) for static measurements and for dynamic measurements 
the sensor system encompasses strain gauges and triaxial accelerometers. The usage of a 
biaxial clinometer allows under consideration the plane of symmetry an optimised 
economic monitoring System. So it was only necessary to instrument one half of the arch 
(see Fig 2). The Sensor positions were well suited next to the nodes of the polygonal arch 
and around the cross section to gather information about changing stresses due to bending 
moments as well as shear stresses.  
 The FO strain & temperature sensors were selected due to the defined requirements 
regarding strain resolutions of 0,85με and precision of 1.7 με.    
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Fig. 2  Sensorlayout for the whole bridge 
 
3 Outlook  
 
To consider stress distributions in the arch due to dead loads from the bridge deck, the 
monitoring starts from the construction stage. In Fig 3 the increasing of strain in the arch 
during concreting the deck is plotted. The values represent the median values per day 
which are calculated in post-processing.   
 
 
 
Fig. 3  Stress and temperature variation in daily time dependency (Left top: time variation of strain, 
Left bottom: time variation of temperature) 
 
 
SECTION 2 
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The main goal is the analysis of the structural performance under different life cycle 
operational environments. To reach this goal the monitoring project is planned at least for 
five years. The long term objective is developing performance based models for improving 
present UHPFRC design tools but also those regarding optimised prognosis strategy for 
maintenance planning in the field of transportation infrastructure. 
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